Background-Critics remain skeptical about the long-term sustainability of Medicare in Canada because of the proliferation of health technology and escalating expenditures. The objective of this study was to examine the temporal trends in the utilization and costs of cardiovascular technologies for the evaluation and/or management of patients with ischemic heart disease in Canada. Methods and Results-This repeated cross-sectional population-based study of Ontario residents examined the temporal trends in the utilization and costs associated with echocardiography, stress (imaging and nonimaging) testing, coronary angiography, percutaneous coronary intervention (PCI), and bypass surgery between 1992 and 2001. Annual costs increased by nearly 2-fold over the 10-year study period and cumulatively accounted for more than $2.8 billion (Canadian) in expenditures. The proliferation in use of cardiac testing/interventions over time outstripped both demographic shifts and changes in the prevalence of coronary artery disease. Annual increases were widespread for all procedures (PϽ0.001) and ranged from 2% per year for nonimaging stress tests to 12% per year for PCI, after adjustment for age and sex. Generally, utilization rates were higher among the elderly, males, and those of low socioeconomic status. With few exceptions, annual increases in the utilization rates of cardiac tests and procedures were disproportionately higher among the elderly and women, but they were similar across socioeconomic subgroups. Increases in utilization appeared to reflect referrals toward higher-risk populations. Conclusions-Although definitive conclusions about the appropriateness of temporal patterns cannot be ascertained, the proliferation of cardiac testing challenges the sustainability of Medicare in Canada, especially given uncertainty as to whether the accompanying incremental rise in total expenditures translates into significant outcome benefits in the population. (Circulation. 2006;113:380-387.) 
C anada's Health Act stipulates that Canadians are entitled to universal access for necessary medical services regardless of affordability because they are free to the patient at the point of service. 1 Patient evaluation and management decisions are left to the discretion of healthcare providers, with no explicit decision-making criteria imposed by policymakers. Most physicians are reimbursed on a fee-for-service basis.
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Although viewed by many as the country's most valued and successful social program, critics remain skeptical about the long-term sustainability of Canadian Medicare. [2] [3] [4] Healthcare expenditures in Canada continue to rise and in 2001 constituted 9.4% of Canada's gross domestic product (GDP), fourth among Organisation for Economic Co-operation and Development (OECD) nations, ranking only behind Germany, Switzerland, and the United States. 5 Although capacity for specialized medical services has been historically constrained compared with the United States, 6 healthcare expenditures in Canada have risen significantly over the past decade. [7] [8] [9] The extent to which such increases in healthcare expenditures are attributable to the proliferation of cardiac technology and reflect appropriate clinical decision-making behavior or "good value for money" remain unknown.
The objective of this study was to explore temporal trends in the utilization and costs of cardiovascular technologies for the evaluation or management of patients with ischemic heart disease. We focused on ischemic heart disease because it remains the leading cause of death in Canada, 10 and because cardiovascular technology accounts for greater healthcare expenditures than technology for any other disease. 11 We examined whether temporal increases in cardiovascular technologies corresponded to changes in disease burden and whether incremental growth rates were preferentially targeted to higher-versus lower-risk populations. 12 
Methods

Study Population
A repeated cross-sectional population-based study was undertaken, comprising the Ontario, Canada adult population aged 20 years and older. 13 Ontario is the Canadian province with the largest population, consisting of 11.9 million people. Ontario is subdivided into 17 824 census dissemination areas (DAs) and 50 counties. The median population size per DA is 415 adults (aged 20 years and older) and ranges from 5 to 8365 adults; the corresponding population size per county ranges from 9462 to 1.98 million adults. Ontario has approximately 0.42 catheterization laboratories and 3.9 cardiologists per 100 000 residents, which is significantly lower than the cardiovascular service supply in the United States (ie, 1.2 catheterization suites and 6.4 cardiologists per 100 000). 14, 15 Cardiovascular services in Canada are provided without patient user fees. Ontario physicians receive fee-for-service payment administered by the Ministry's Ontario Health Insurance Plan.
Data Sources
Patient healthcare utilization records were linked across multiple health administrative databases by a unique encrypted study number to protect patient confidentiality. Information about noninvasive testing was obtained through medical claims data from the Ontario Health Insurance Plan (OHIP). 16 OHIP captures all outpatient claims throughout Ontario but does not capture services provided in alternate payment regions (5% of total claims for Ontario), nor does it identify echocardiograms, perfusion studies, and stress tests performed on hospitalized patients. Although physician claims data can be used to ascertain the performance of invasive cardiac procedures, the fee code structure resulted in the double counting of coronary angiography procedures compared with Ministry of Health and Long-Term Care annual volumes, as reported independently by the Cardiac Care Network of Ontario (www.ccn.on.ca). Accordingly, invasive cardiac services were identified with the Canadian Institutes for Health Information (CIHI) database, a data source well used and validated in other studies by our group. 17, 18 CIHI was also used to determine patients recently discharged from the hospital with acute myocardial infarction (AMI; see below).
Neighborhood median household income, our socioeconomic indicator, 19 was derived at the DA level with official 1996 and 2001 Census data and linked to patient residence with the postal code conversion file. 20 Census data were also used to derive DA age-and sex-specific population estimates. The Registered Persons Data Base was used to derive patient demographic information and mortality. The Ontario Case Costing Initiative provided direct expenditures for invasive cardiac procedures, including associated costs for hospitalization, 21 whereas the Ontario Medical Association Economic Committee provided costing data for noninvasive testing; costs were indexed to 2000 to 2001 data. 16 
Cardiovascular Technologies
Echocardiography, graded exercise treadmill testing (hereafter termed "stress testing"), nuclear perfusion imaging, coronary angiography, percutaneous coronary intervention (PCI), and CABG surgery were measured on individual patients and served as the main outcome variables. Given differences in data availability between OHIP and CIHI data, annual rates of noninvasive tests were examined between January 1st and December 31st of each calendar year, whereas invasive procedures were examined between April 1st and March 31st (but annual rates were attributed to the calendar year that represented December 31st).
Noninvasive test utilization was identified with the professional component (ie, diagnostic interpretation) of physician claims data. We excluded multiple tests per day to the same patient for any diagnostic service. Codes for echocardiography included 1D or 2D studies with or without Doppler examination (G561, G562, G567, G568, G571, G572, and G575). Stress tests were identified by G319, whereas perfusion imaging tests included exercise or dipyridamole myocardial perfusion imaging with or without SPECT using either sestamibi or thallium as its radiotracer (J607, J608, J609, J666, J807, J808, J809, and J866). Such codes have been used previously to examine noninvasive cardiac testing in Ontario. 16 Given that perfusion imaging tests may be conducted over 1 or more consecutive days, we applied a 2-day window on either side of the date of a nuclear imaging claim to avoid duplicate counting. A similar 2-day window was applied to stress testing to differentiate isolated stress tests from those with concomitant perfusion. 16 We examined 2 surrogates of testing yield, the ratio of angiograms per noninvasive stress or imaging test and the ratio of revascularization procedures per angiogram.
Prevalence of Coronary Artery Disease
Annual age-and sex-adjusted AMI hospitalization rates were used as a surrogate for the underlying prevalence of coronary artery disease. Previous evidence has demonstrated that the prevalence of AMI hospitalization is strongly correlated with population-based illness rates 22 and with variations in the burden of self-reported risk factors (R 2 ϭ0.56) and hospitalizations for chest pain syndromes (R 2 ϭ0.51), angina (R 2 ϭ0.64), and congestive heart failure (R 2 ϭ0.56) across 16 District Health Council regions throughout Ontario. 23, 24 AMI admissions were defined with the most responsible diagnostic code (International Classification of Diseases-9th Revision code 410) and a minimum length of stay of 3 days unless death occurred.
Subgroup Analyses
We examined the utilization rates of cardiac testing within 3 prespecified sociodemographic subgroups: age (Ն65 versus Ͻ65 years), gender, and socioeconomic status (median household income above versus below $50 000 per year). These subgroups were chosen because each has previously been demonstrated to be an important determinant of cardiac testing, and evidence that suggests that temporal changes in cardiac service intensity among selected clinical subgroups (eg, AMI) has preferentially favored elderly and higherincome patients. 12 To explore how utilization patterns have changed over time among selected clinical subgroups, we examined those hospitalized for AMI within the previous 3 months and those hospitalized within the last 6 months of life, for 2 reasons. First, both represented subgroups of patients with greater illness severity than the general population, 25 yet they differ in the characteristics of illness severity they represent; recent AMI hospitalization serves as a better surrogate for cardiac severity, whereas end-of-life status better serves to identify patients with chronic or palliative disease. Second, both subgroups account for significant overall healthcare expenditures. 26 -28 In addition, some may argue that disproportional increases in cardiac testing in the end of life may represent a less appropriate or efficient use of cardiac resources. 29, 30 
Statistical Analysis
Population-based rates of cardiac tests and procedures were computed by year, and according to 5-year age group, gender, and income groups, by dividing the number of procedures by the corresponding adult population of Ontario. They were directly standardized according to age and gender with the Ontario population.
For each cardiac test and procedure, we used Poisson regression to estimate the annual rate of increase over the 10-year period, adjusted for age and gender. 31 The unit of analysis was the age group, gender, and DA stratum, both for computational efficiency and because we
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The Proliferation of Cardiac Technology did not distinguish among multiple tests to the same person. The dependent variable was the stratum-specific annual count of tests/ procedures, with an offset to incorporate the stratum-specific population. The annual trend over the 10-year study period was estimated with a continuous term for calendar year, adjusted for age group, gender, and their interactions. Point estimates and CIs for the relative annual rates were obtained by exponentiation of the regression parameter that corresponded to the calendar-year term. Trend models were also stratified by age group (age 20 to 64 years or Ն65 years), gender, socioeconomic status (median household income Ͻ$50 000; Ն$50 000), recent AMI, and end-of-life subgroups. Annual trends were assessed for similarity across subgroups with a test for interaction between subgroup and calendar year. We used longitudinal data analysis methods (generalized estimating equation) for clustered count data to account for the correlation among outcomes over time. 32 SAS version 8.2 statistical software using the procedure GENMOD was used for modeling. All tests were performed at the 5% level of significance and were 2-sided.
Results
Overall Temporal Trends Figure 1 illustrates unadjusted relative changes in the use of cardiac technologies compared with 1992. Increases in cardiac testing rates outstripped both demographic shifts and prevalence of AMI, as measured through AMI hospitalizations, over the same time period (Figure 1) . Table 1 illustrates that rates for all technologies demonstrated significant exponential growth over the study period. Age-and sex-adjusted population rates were highest for echocardiography and lowest for PCI (during earlier years) and coronary artery bypass surgery (during later years). The yield of stress tests to catheterization, calculated as the ratio of their respective counts, steadily rose from 11.6% in 1992 to 16.7% in 2001, whereas the ratio of revascularization to angiography remained relatively stable over time (Ϸ46%). Table 3 illustrates absolute and relative trends over time for cardiac technology according to age, gender, and socioeconomic subgroups. The elderly, males (except echocardiography), and low socioeconomic status groups generally had higher testing and procedure rates; however, annual increases in cardiac testing and procedure rates were consistently higher among the elderly and, with the exception of echocardiography, were significantly greater for women. With 2 exceptions, annual increases in the use of cardiac technology were similar across socioeconomic groups; however, echocardiography and coronary angiography rates increased disproportionately among higher-income groups. The proportion of noninvasive tests to patients within 3 months of AMI steadily declined over time, whereas the converse was true for invasive procedures (Figure 2 ). The proportion of cardiac technology use to patients within their last 6 months of life was under 5%, regardless of year, test, or procedure, and with 1 exception (PCI), it steadily declined over time (Figure 2 ).
Overall Expenditures
Subgroup Analyses
Discussion
The long-term sustainability of Medicare in Canada continues to receive intense debate among public, provider, and policy stakeholders, especially in view of the steady growth in healthcare expenditures throughout the past decade. [7] [8] [9] As demonstrated in the present study, the proliferation of cardiac invasive and noninvasive technology accounts for a significant component of rising health-related expenditures. Specifically, in 2001, approximately CAN $400 000 000 was spent on the evaluation and management of ischemic heart disease in Ontario alone, a cost that doubled over 10 years.
Although the proliferation of cardiac technology has been widespread, temporal growth has been most marked for coronary angiography and PCI, a phenomenon only partially attributable to the more intensive use of such interventions among AMI populations. Although the proliferation of coronary angiography has outstripped corresponding increases in nonimaging and imaging stress testing, the use of noninvasive diagnostic services has increased in magnitudes ranging from 2% to 10% per year, after adjustment for age, gender, and socioeconomic status. Notwithstanding such temporal patterns, the population rates for perfusion imaging stress tests, coronary angiography, PCI, and coronary artery bypass surgery services in Canada in 2001 lag significantly behind corresponding 1992 population rates in the United States. 14, 33 Our findings are consistent with many studies that have also demonstrated accelerated growth in the use of cardiac technology. 12,34 -39 For example, our US colleagues have demonstrated similar dramatic relative increases in cardiac testing and treatment over time, although with absolute rates in 1993 that exceed those in Canada from 2001. 40 Moreover, intercountry differences in the absolute rates of invasive cardiac testing appear to correlate with their corresponding variations in catheterization laboratory supply (eg, catheterization laboratory supply of 0.42 versus 1.2 per 100 000 in Ontario versus the United States, respectively). Temporal changes in growth are likely attributable to continued proliferation in cardiac technology and specialty physician supply, as well as to changes in physician referral behaviors. 15, 36 In short, the magnitude of annual increases in cardiac service in Ontario appears similar to the corresponding magnitudes observed in other healthcare systems.
The present study was not designed to address appropriateness; however, some may interpret our findings as evidence that referral patterns for cardiac testing in Ontario have been inappropriate, given that cardiac service utilization has been shown to be driven by resource supply and availability rather than by clear indicators of need. 17, 22, 25, 41 Indeed, the proliferation of cardiac technology use observed in the present study markedly outstripped demographic shifts and AMI disease prevalence in the population.
Others view such temporal trends as evidence of appropriate care. For example, our results demonstrated that annual increases in cardiac testing rates were significantly greater 1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  Total   Echocardiography  40 450 473  40 893 429  40 480 554  42 504 972  44 517 220  50 705 289  54 347 910  57 401 759  61.624 196  65 783 025  498 708 827   Stress  13 300 681  13 322 938  13 066 327  13 359 569  14 086 285  15 034 181  15 610 883  16 275 817  17 631 936  18 377 117  150 065 among higher-risk subgroups such as the elderly and women, which suggests that physician referral propensity appeared to reflect appropriately the underlying risk profile of their patients. Moreover, by virtue of the low testing rates among patients at or near the last 6 months of life, increased referral among elderly high-risk populations still appeared somewhat selective and geared to those who might benefit most and was possibly aligned with the expectations and preferences of the patients whom these physicians serve. 29 At minimum, the present study provided no evidence that the accelerated growth of cardiac technologies was inappropriate. Even if we were to assume that the prevalence of inappropriate utilization for cardiac testing was low, the tremendous costs associated with the rise in cardiac technology would necessitate marked survival and quality-of-life benefits for temporal utilization patterns to meet cost-effective thresholds. For example, in the present study, the $2.87 billion expenditure investment for cardiac technology would have needed to translate into 57 336 lives saved over 10 years for temporal utilization patterns to have met traditional cost-benefit benchmarks (eg, $50 000 per life-year gained), a survival yield which, if true, would exceed those achievable from established life-saving therapies, such as statins, when used in secondary prevention populations. [42] [43] [44] Equally important is the absence of incentives, disincentives, or safeguards that might otherwise curtail the continued proliferation of cardiac technologies, especially when one considers that increases in resource expenditures do not appear to have been offset by potential cost savings associated with fewer cardiac hospitalizations or medications. For example, expenditures for cardiovascular pharmacotherapy in Canada have risen 94% between 1996 and 2001, an increase of $1.6 billion in annual drug expenditures, attributable to a 61% rise in the annual number of cardiovascular drug prescriptions. 45 If left unchecked, such temporal utilization patterns raise serious concerns about the sustainability of Medicare in Canada, especially when one considers their associated annual expenditures. As a corollary, the disproportionate expenditures allocated to cardiac technology compared with cardiac rehabilitation 46, 47 underscore an imbalance in focus between "technology" and "prevention initiatives" in Canada.
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There are several limitations associated with the present study. First, our analysis was cross-sectional in design and was conducted without available clinical detail or information about referral indication. We also used human ecology rather than individual indicators of socioeconomic status, which may have led to misclassification of individual-level socioeconomic status. Nonetheless, available evidence has demonstrated that such ecological indicators are valid proxies for socioeconomic status. 19, 48 Although the inclusion of more clinical detail and/or individual socioeconomic indicators might have better explained changes in referral patterns over time, the overall temporal patterns observed in the present study would not have changed. Second, limitations in data availability precluded us from identifying any noninvasive testing conducted on hospitalized patients, which would underestimate the temporal growth in noninvasive testing. Third, our study did not adjust for inflationary pressures; however, inflation rates were marginal throughout the study period and would have accounted for only a small proportion of the increase in cardiac technology expenditures. Finally, our data were limited to Ontario. It is possible that temporal trends in the use of cardiac services may have differed in other Canadian jurisdictions. Nonetheless, Ontario represents 40% of the Canadian population, and temporal growth in cardiac technology has occurred in similar magnitudes in other Canadian jurisdictions. 49, 50 
In conclusion, the present study illustrates continued annual acceleration in cardiac technology utilization. Although changes in utilization patterns were generally geared more preferentially to higher-risk subgroups than to lower-risk subgroups, definitive conclusions about the appropriateness of such proliferation cannot be drawn. Notwithstanding this, the high costs associated with the rise in cardiac technology would necessitate marked benefits in outcomes to justify the cost-effectiveness of procedural growth rates in the population. Given the absence of safeguards that prevent or attenuate the proliferation in cardiac technology use, continued growth in the use of invasive and noninvasive cardiac services will challenge the sustainability of Medicare in Canada.
